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(54) A semiconductor device and a method of manufacturing ' 

SpecificatiOD 
(57)(Ab5tract) 
(Subject) 

ll^^lf'^ ^T'^^ manufacturing a semiconductor device, and a semiconductor device 

minjaturization is mmjmized, wiihout the use of a masking process 
(Means to Solve the Problem) 

m^"^^^^^ ^'"'""'^ ^''"^ ^^P^^"^^ by fo^in^ * conducting 

?^Xct n^^^ J'"' «"^?»•J^y^^«"^"^-rins film, depositing a conducing film onX 

coldl nf ff 'h^l ^ performmg anisotropic etching, utilizing the unevenness of the 
conductmg film that that appears as a consequence of the existence of the conducting pillar 



(Claims) 
(Claim 1) 



A method of manufacwrmg a semiconductor device provided with a capacitor wherein the method 
of manufacturing the semiconductor device, comprise the processes of 
(A) terming an insulating film on a substrate; 

(C) Sill??"'""^/" 'I *" " P""^''"^** "P^^^''<' insulating film; 

(C) depositing a firs, conducting film on the insulating film, so that it covers ihc conducting piMar; 
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SlS^if-! !T?^M anisotropic etching to the first conducting film, the 

etchjng acting substwitially perpendicularly to the principle surfece of the subsir^^^ 
(t) depositing a dielectric film on the capacitor electrode; and 

(claim 2)*'"^ * conducting film on the dielectric film, to fbnn a capacitor. 

^^tlUfc*."? « '''!^'" ""^V*^ ** conducting pillar penetrates the insulating film, and electrically 

conlacB a diffijsed region that Is formed on the top of the substrate. 

(Claim 3) 

The method gf claim I or2 wherein, in the process in (D). the anisotropic etching is continued until 
*e capacitor elecm.de is spatially sepawted from an adjacent capacitor electrode 

TTie method of any one of claims 1 -3. wherein between the processes (A) and (B) additionally a 
P^^',!ff"'^''^'^«''f°'~^^'ta8lhesurfaceoftheins«U^^^^ 

" ^^^fx'If ^'^'^ "^fP.^^ 

(C1S5) 

V J!"' i";f*°l°^„"!^ » - additionally, a process is included for fonning 

STJST r*^ P^"* °" P""™- P™<^«« » (E) is executed so that 

the dielectric film covers the hemispherical polygon grains. 
(Claim 6) 

A mediod of manufacturing a semiconductor provided with a capacitor, wherein the method of 
manufiictunng the semiconductor device, comprises the processes of 
forming an mterlayer insulating film on a substrate; 
forming a first conducting film on the interlayer insulating film- 
so i^^rt* 'n' '■"««'^»>«^ i"S"l«inS film and forming a conducting pillar. ' 
so that the piUar protnides upward from the surface of the first conduciine film: 
depositmg a first insulating film on the conducting pillar fbllowing the shape of the conductitig 

to thi'L't ?„1LSI"S* ^i*"" " '"""'"'"S '''"^ "PP'y'"2 a anisotropic etching 
S h! S. ? ?f u """"S substamiaily penjendicuiarly tg the principle surface 
ofthe substrate until the top surface of the pillar and the first conducting film are exposed; 
IZiull ""!,''"'s'^^">P'«= ""^hing process, depositing a second conducting film on thrfirst 
SI " ' '°J^ '° "'^^ insulating sleeve and the top surface of the pillan 

.nS ° =.'*''<'"^'"'S sleeve on the outside of the first insulating sleeve by applying a second 
an sotropic etchmgw the second conducting film, the etching acting substantially Se^^diculariy 
^SS«^n:Tr^'''' substrate until the surfiice of the interlayer insulating'^;^ ,3 ixpo^/d; 
fondS the first .nsulatmg sleeve so as to remove it. leaving the pillar ind the first 

conducting sleeve so that the first conducting sleeve surrounds the pillar, separated from it by a 

f *5°*'""- ^ <l'^l«""c film on the surface of the pillar and the surface of the first conducting sleeve; 
(cKm rf ' "•"'"'""S film, ^vhich constitutes a counter electrode film, on the dielectric film. 
The method of claim 6 wherein the pillar is formed of a hollow sleeve, and the process of 

JX?'the followSe"'"' " """^'^.^"^ -^f^" of'*^' 

(Claim 8) 

J^iZttihLT^l^r ' 'I' '"^isotropic etching process, and prior to the 

selective etching process, are included die processes of 

conducting film and a second insulating film sequentially on the surface of the 

firsttL ,^ T"^ ^'^Vi'^ P'"*'- ^i^' '=o'«'""i«S sleeve and die 

first insulating sleeve, which sunround the pillar; 

forming a second insulating sleeve from the second insulating film by means of applyina a third 

troSSe" "T' '^"'"'"^ "^'--S acting substaTtlaJly p^Tndic^^^^^ to 

the principle surface of the substrate, until the fourth conducting film is e.xposcd- 

?n?ulalS/^. frJ^'''"!,""? """"^""'"S film so as to include "the second 

insulating sleeve, fourth conducting film, and die pillar; 
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applying anJsoiropic etching sequentially to the fifth and fourth conducting films, the etchin« aetine 
substanually perpendiculariy ro the principle surfece of the substiate until the surface of the' 
interlayer insulating film is exposed, fbnning from the founh conductive film, a second conducting 
sleeve that IS attached to the first conducting sleeve, foming from the second insulatins film a 
second insulating sleeve dut surrounds the second conducting sleeve, and foimina from the fifth 
conducting film, a third conducting sleeve that sunounds the second insulating sleeve 
fte processes being included, so that in the selective etching process the second insubuing sleeve 
(1^1 . * J^"* insulating sleeve are removed substantially simuhaneoualy. 

A semlcondiictor device comprising a substrate in which is formed a diffused region, an interlayer 
insulating film formed on the substrate, a contact hole formed in the interlayer insulating film and 
exposing the diffused region,, and a capacitor that contacts the diffused region via the contact hole 
wherein the semiconductor device Is one wherein the capacitor comprises 
- - f^™nductingplllare«endingthroughihecontacthole,oneendcontactingthedifl^ 

the other end protniding from the Interiayer film foiming a protruding portion; 
a storage electrode that electrically contacts the protniding portion of dte conductin- olllar 
a capacitor dielectric film formed on the storage electrode; and 
a counter electrode formed on the capacitor dielectric film. 
(Claim 10) 

The semiconductor device of claim 9 wherein an etching stopper layer that is capable of 
substantially preventing the etching of the material that forms dte interlayer insulating film, is 
formed on the sur&ce of the interlayer insulating film. 
(Claim 11) 

The semiconductor device of claim 9 or 10, wherein the surface of the storage electrode has an 

irregular lom. 
(Ciaim 12) 

The seniiconducior device of any on one of claims 9 « 1 1 , wherein ihe conducting pillar comprises 

.n.ri'.°J^°^^^^ "^^V^ "P^cito^ dielectric film covers the 

surrace of the interior wall of the conducting pillar. 

(Claim 13) 

The semiconductor device of claim 9. wherein the storage electrode closely contacts the protruding 
portion of the pillar. " r o 

(Claim 14) 

TTie semiconductor device of claim 9 wherein the storage electrode comprises the conducting pillar 
Usdf, and one or a plurality of conducting sleeves that surround the conducting pillar and the 
capacitor dielectric film covers the protruding poiiion of the conducting pillar and the surfaces the 
conducting sleeve or the plurality of conducting sleeves. 
(Claim 15) 

The semiconductor device of claim 14 wherein the conducting pillar and the conducting sleeve or 
i-A. "Sleeves are mutually electrically connected via a conducting film that is forSied on the 

Tfi'^r0 surface of the interlayer insulating film. 

(Claim 16) 

A semiconductor device comprising 
a semiconductor substrate; 

a word line electrode formed separated from the surface of the semiconductor substrate, by a gate 
oxide film that corresponds to a channel region; 

a first diffused region fonned in the semiconductor substrate, corresponding to one end of the 
cnanneJ region; 

fhS^nfii «oion'''°'°" semiconductor substrate, cotresponding to the other end of 

an interlayer insulating film formed on the semiconductor subsinte. that covers the sate electrode 
and the first and second difflised regions; wwcroae. 
a first contact hole formed in the interlayer insulating Him. that exposes the first difilsed reeion- 
a second contact hole formed in the interlayer insulating film, that exposes the second diffused ' 
region; 

a memory cell capacitor that contacts the Htst diffused region via the first contact hole; and 
a bit line electrode that contacts the second diffijsed region via the second contact hole; 
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Wherein ihe semiconductor device is one wherein the memory cell capacitor comprises 

a conducting pillar that extends through the first contact hole, one end contacting the first diffused 

region and the other end forming a pfotniding portion that protrudes above the interlayer insulating 

a storage electrode fonned on the interlayer insulating film, closely coittactins the promidine 
ponion of the pillar; * 
a capacitor dielectric film formed so as to cover the stofage electrode; and 
a counter electrode formed on the capacitor dielecin'c film. 

Specification 



(Detailed Description of the Invention) 
(0001) 

_ _ (Field of the Invention) 

The invention re^ to geiierai aemiconductor d^ices: In panicular it relates to a semiconductor 

■ . ; rV'^ a capacitor, and a method of manufacturing*^ 

"S™" » "Pfcitor. Due to miniaturizarion, the memory capacity of semiconductor devices, and m 

• particular semiconductor memory devices such as DRAM that include capacitor, is increasbjg 

every year. In particular, in the case of DRAM, information is stored as an electrical char'c in 

memory cell capacitors. However as the result of miniaturization memory cell capacitors have 

become minute, which reduces die electrical charge that is stored in the capacitoraTniakliig it 

difficult to determine whether the memorized infbmation is I or 0. * 
(0002) 

Therefore, studies have been made concerning a DRAM construction and a method of DRAM 
manufacture wherein, ahhough the device pattern of the semiconductor device is miniaturized, 
capacitance is reduced as link as possible. «nui«un«o, 
(0003) 

(Related Art) 

Fi2 13 (A) - (C) and Fig 14 (D), (E) describe typical, conventional DRAM manufacturing 
processes. Refemng to Fig 13 (A), an o.xide film 2 that Includes a field o.xide film 2A is formed on 
N+ t^rnfffi.! !f " T ^' "^'^ O^ie^im 2A forming an image of an active region. 

f^'^J^^''''^^- ^"'^ ^"""'"^ « in of a normal 

5)004) " ^•'^"'""""y ^ Polysilicon gate pattern 3 extends above rhe oxide layer 2. 

The gate panem 3 is covered by an o.xide film 3 A, and an interlayer insulaiing film4 of BPSO 
covers above that. A contact hole 4A, which exposes the diffused region IB, is formed in *e 
interlayer insulating film 4. A polysilicon bit line pattern 5 contacts the diffused region IS via the 
contact hole 4 Additioiuilly. in the condition shown in Fig 1 3 (A), another BlsXeilycr 
insulating film 6 is formed on the interlayer insulating film 4. so as lo buo" the bit line panem 5. 

• P'««S=' sJiown in Fig 1 3 (B). contact holes 6A are fonned that penetrate both the 

" * P°'ysilicon or amorphous silicon layer 7 is deposited on the intcriayer insulating film 6 

Srld°r ?;>'°"T,'^°'r P^^^*^* "^'S 13 h additionally, a resk. iartem sIs 

formed on die layer 7. In the process in Fig 14 (D) the layer 7 is patterned using the resist pattern 8 

(M06)" ' '^^ ''^ ^'^^ ^^'^ «• 

Next, in the process in Fig 14 (E) a dielectric film 9 is formed on the Capacitor electrode pattetn 7a 
and a polysilicon film 1 0 is deposited on that. «««roae paireni //\, 

(0007) 

(Problems to be solved by the invenilon) 

Fig 15 is a top view that sho%ys an array of the capacitor electrode pattern 7A on the interlayer 
ZIhT ^-^^^1^ '5- pawn" 7A is not a regular rectangle, but has 

rounded comers. This is due to the fS>et that when miniaturizing to increase DRAM integration 
.ifrf Ili' i! " u ''"'^ ""empting to assure sufficient memory cell capacitor capacitance, 

k""""""" i"«^«»''ly ''«~'n« extremely small. Therefore, when forming 
the resist patreni 8 in the processes in Fig I3 C. exposure must be performed near the resolution 
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imit of hlgh-resolution lithography. That is, conventionally, in the ease of exposure. Te$oIu(ion 
limitations place restrlcffons on the intervals between the electrodes 7A. which in the case of 
miniatunzing DRAM, causes a problem with the dimensions of Uw electrodes 7A. and therefore 
wuh securing sufficient surface area "wreiore 
(0008) 

Additionally, using ibe conventional method shown in Figs 1 3(A) - 14(EX a larae number of 
processes a« required due to the use of the resist panemXniis causes piiblet^s in Zh,„Lases 
the cost of manufeaure and at the same time reduces semiconductor device nuwufi«!« 
Jrou^put The overall object of the invetitton is to provide a semiconductor device and its 
(0009) Pro««« wherein the abovementioned problems are solved. 

m^ShL*" '^f^ " P^^''^" * '"""""^ f"-^ « semiconductor device and a 

Tnsu^S S^J^'JS.''"" n^^"^"^ '^'^ if the device is miniaturized, sufficient capacitance wfjlbe 

mwuftctuntig method wherein, in the case of manufacturing a semiconduaor device so diat even 
■ „Il„?!Tn " '"'".>at^i«<' sufficient capacitance will be ensured for the memory cell capaeitors, 

JJjy^ell capacitors can be formed without 8 masking process. 

(Means to Solve the Problem) 

The Invention solves the problems by means of the fcllowlng. 

As stated m claim 1 by a method of majiufacturing a semiconductor device provided with a 
capacitor, wherem the method of manufacturing the semiconductor device, comprises the processes 

(A) forming an insulating film on a substrate; 

(8) forming a conducing pilUr so that it protrudes upwardly from the insulating film: 
!S " ""ducting film on the insulating film, so that it covers the conducting pillar; 

(u; totming a capacitor electrode by applying anisotropic etching to the first conducting film the 
etching acting substantially perpendicularly to the principle surface of the substrate; ^ 

(E) depositing a dteJectric film on the capacitor electrode; and 

(F) depositing a second conducting film on the dielectric film, to form a capacitor 

or, as stated m claim 2, by the method of claim I, wherein the conducting pillar penetrates the 

ur. as stated in claim j. by the method of claim 1 or 2 wherein, in the process in (D) the 

?1\ Zfu^^M^'l^'"" t °f ' - 3' ^vherein between the processes 
i^Snflol 7 \P,''^ u '* P"^'*^''' 'he insulating film with 

?s3n/fiKr.^'' ""u'i'"** " ^'"^ «'<=hing that acts On the 

laJeHs ex^ls^d '""'*"™P" ''«'"S ihe etching stopper 

' ?'\ i" 5' ""^'hod of any one of claims I - 4. wherein additionally a process is 

• u t'/^/r PO'y^"'"" 0" the electrode paneTS^ piS I? 

Or IT^T f"'/: '"^"^ hemispherical polygon grains. ^ 

vvi;SiX m,,hirJ' of manufecturing a semiconductor provided with a capacitor, 

foSi In i^r! manufaauring the semiconductor device, comprises the processes of 
forming an interlaycr msulatmg film on a substrate; 
forming a first conducting film on the interlayer insulating film; 

penetrating the conducting film and the interlayer insulating film and forming a conducting Dlltar 
so that he p.nar protrudes upward from the surface of the first conducting film- ® ^ ' 

depositing a first insulating film on the conducting pillar following the shape of the conducting 

t'^la''"^' insulating sleeve from a first insulating film by applying a first anisotropic etching 
S ?uTJr",« f "r^.?'""' 'iJ^hing acting substantially perpendicularly to the principle surface 
of Ac substrate until the top surface of the pillar and the first conducting film are expo«d- 

ccnductini fi.'J!''*''"'''" "^'''"S P™'<^^- 'l^P°5i«'"g « *«0"d conducting film on the first 
conducting film, so as to cover the first insuJaiing sleeve and the top surface of the pillar; 
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forming a first conducting sl«6ve on the outside of the first insulating aJeeve by applying a second 
anisotropic etching to the second conduaing film, the etching acting substantially perpendicularly 
to the principle surface of the substrate until the surface of the imcrlayer Insuladng film is exposed: 
selectively etching the first insulating sleeve so as to remove It, leaving the pillar and the first 
conducting sleeve so ihat the first conducting sleeve surrounds the piilar, separated from it by a 
space; ' 

^positing a dielectric film on the surface of the pillar and the surface of the first conducting sleeve; 

depositing a third conducting film, which constitutes a counter electrode film, on the dielectric film 
Or, as stated m claim 7. by the method of claim 6 wherein the pillar is formed of a hollow sleeve 
and the process of depositing the dielectric film is carried Out so'thai the dielectric film covers the 
surface of the inner wall of the hollow sleeve. 

Or, as stated In claim 8, by the method of claim 6 or 7 wherein, after the second anisotropic etching 
proccss,.and prior to thc-selectlve etching process, are included the processes of - 
depositing a fourth conducting film and a second insulating film sequentially on the surface of the 
mterlayer Insulating film, so as to include the first pillar, and the first conducting sleeve and the 
first insulating sleeve, which surround the pillar; 

forming a second insulating sleeve torn the second insulating film by means of applying a third 
wiisotf opic etching to the second insulating film, the etching acting substantially perpendicularly to 
the principle surface of die substrate; until the fourth conducting film is exposed; 
depositing a fifth conducting film on the fourth conducting film so as to include the second 
insulating sleeve, fourth conducting film, and the pillar; 

applying anisotropic etching sequentially to the fifth and fourth conducting films, the etching actin« 
substantially perpendicularly to the principle surface of the substrate until the surface of the 
interlayer insulating film is exposed, forming from the fourth conductive film, a second conducting 
sleeve that is attached to the first conducting sleeve, forming from the second insulating film, a " 
second insulating sleeve that surrounds the second conducting sleeve, and forming from the fifth 
conducting film, a third conducting sleeve that surrounds the second insulaiin» sleeve 
the processes being included, so that in the selective etching process the second insulating sleeve 
anO the first insulating sleeve are removed substantially simultaneously. 
Or, as stated in claim 9. by a semiconductor device comprising a substrate in which is formed a 
diffused region, an mterlayer insulating film formed on the subsn^tc, a contact hole fomed in the 
mterlayer insulating film and exposing the diffused region, and a capacitor that contacts the 
compdse?^^^" '''^ ^^"^""^ ^vhereln the semiconductor device is one wherein the capacitor 

a conducting pillar emending through the contact hole, one end contacting the diffused region and 
the other end protruding from the interlayer film forming a protruding portion; ' 
a storage electrode that electrically contacts the protruding portion of the conducting pillar- 
a capacitor dielectric film formed on the storage electrode: and » ^ • 

a counter electrode fonned on the capacitor dielectric film. 

Or. as stated in claim 10. by the semiconductor device of claim 9 wherein an etching stopper laver 
that is capable of substaniiaJly preventing the etching of the material that forms the imerlaver film 
IS formed on the surface of the ln[erla>er insulating film. 

Or, as Slated in claim 1 K by ihe semiconductor device of claim 9 or 10, wherein the surface of the 
Storage electrode has an irregular form. 

Or. as stared in claim 12, by the semiconductor device of any on one of claims 9-11 wherein the 
conducting pillar comprises of a hollow sleeve formed with an interior wall surface and the 
capacitor dielectric film covers the surface of the interior wall of the conducting pillar. 
Or, as stated in claim 1 3. by the semiconductor device of claim 9, wherein the storage electrode 
Closely contacts the protruding ponion of the pillar 

Or, as stated in claim 14. by the semiconductor device of claim 9 wherein the storage electrode 
comprises the conducting pillar itself, and one or a plurality of conducting sleeves that surround the 
conducti ng piUar^^ the capaciror dielectric film covers the protruding portion of the conduciing 
pillar and the surfaces the conduciing sleeve or the plurality of conducting sleeves 

^^^^^t ^" * ^' semiconductor device of claim 14 wherein the conducting pillar 
and the conducting sleeve or plurality of sleeves are mutually electrically connected via a 
conducting film chat Is formed on the surface of the interlayer Insulating film 
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Or. as stated in claim 16, by a semiconductor device comprising 
a semiconductor substrate; 

a word line electrode fonned separated from ihe surfece of the semiconductor substrate by a sace 
oxide film thai corresponds to a channel region; ' 
a first diffused region formed in the semiconductor substrate, cojtesponding to one end of the 
channel region; 

a second diffused region formed in the semiconductor substrate, comssponding to the other end of 
the channel region; 

an inwrlayer insulating film fonned on the semiconductor substrate, that covers die sate electrode 
and the first and second diffused regions; 

a first comact hole formed in ihe inter layer insulating film, that exposes the first diffused region* 
a second contact hole formed in the interlayer insulaUng film, thai exposes the second diffused ' 
region; 

- - - ^'^^"}<^'>""<^apa"tordiat contacts 

a bit hne electrode that contacts the second difllised region via die second contact hole; 

wherem the semiconductor device is one wherein the memory cell capacitor comprises 
^^^"-^^ a conducting pillar that extends duough the first contact hole, one end contacting the first diffiaed 

■ • • • ■ odierend forming a protruding portion that proinides above the interlayer insulating 

a storage electrode formed on the interlayer insulating film, closely contacting the protruding 
portion of the pillar; ° r © 

a capacitor dielectric film formed so as to cover the storage electrode; and 
a counter e lecirode formed on the capacitor dielectric film. 
(0011) 

The principle of the Invention is described referring to Figs 1 (A) - (C). In the invention, first in 
the process m Fig 1 (A), an interlayer insulating film 12 is deposited on a semiconductor substrate 
1 1 in which are formed difftised regions 1 1 A, 1 IB. Addhionally the surface of the interlayer 
insulating film 1 2 is covered with an etching stopper layer I2C. Next, an insulating film (not 
Shown) IS deposited on this, and contact holes 12A and 12B arc formed, penecraiing the insulating 
, T A ^"^.^ f interlayer insulatirig film 12, to expose respectively the diffused regions 

liAand I iB.Funhermore, after ihe contact holes 12A and 1 2B are filled with a conductor such as 
polysilicon, the insulating film above the etching stopper layer 12C is removed, formine 
conducting pillars 12A, I2B diat protrude upward from the interlayer insulating film 12 
Additionally a conducring film 1 5 of polysilicon or amorphous silicon is deposited so as to cover 
the conducting pillars HA, 120 
(0012) 

Nexi, in the process in Fig 1(B). anisotropic etching, operating substantially perpendicularly to the 
prmciple surface of the substrate J IJs performed on the conducting film 13. until the etching 
Stopper lQ>-er I2C is exposed, dividing the conducting film 1 3 into electrode patterns 13A and I3B 
^ Additionally, m the process in Fig 1(C). a dielectric film 14 and a conducting film ISare 

scquemiaily deposited, on the structure of Fig 1(B). making it possible to fom mutually adjacent 
' ■ cnpacuors <: I and C2. without any masking process other than the masking process used to form 

the comact holes I2A, I2B. Because the pauems 13 A and 1 3B are formed In this way without a 
masKing process, the problems of alignmem error or exposure resolution limitations that are 
associated with the masking process do not occur, making It possible to reduce the interval D 
between the panerns i3AJ3B substantially more than the interval D in Fi» 13fC) 
(0013) 

(Embodiments of the Invention) 
Embodiment 1 

Figs 2(A) ^ (p) and 3(E) ^ (C) show a DRAM memory cell manufacturing process according to 
embodiment I of the invemion. Referring to Fig 2(A). an oxide film 22 that includes a field oxide 
mm i.A IS formed on the active region on a p type Si substrate 2 1, the field oxide film 22A 
torming an image of the active region. n+ tvpe diffiised regions 21 A, 21B, 21C are formed in the 
active region in the same way that normal memory cells are formed, and additionally a gate pattern 
2. of polysiljcon extends on the oxide film 22. the gate pattern 23 constituting a ivord line pattern 
to the memory ceils m the usual manner. 
(0014) 
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Tlw gaie pattera 23 is covered with an oxide film 23 A, which [n turn is covensd by an interlaycr 
insulating film 24 of BPSG. A contact hole 24A. which exposes the diffiised region 2 IB. is fonned 
in the jntcrlayer insulating film 7A by means of dry etching wherein an mixture of CHF3, CF4 and 
Ar IS used in a parallel plane etcher at an RF frequency of 380kHz. Then a pelysilicon bit line' 
partem 25 contacts the difRiscd region 21B via the conuci hole 24A. Furthermore, in the condition 
m ng (A), another BPSG interlayer insulating film 26 is formed OA the interiayer insulating film 24 
so as to bury the bit line pattern 25. Abo, an etching stopper layer 27, which acts n an etchina 
stopper for the inKrIayer itisuiating film 26, and another insulating film 28, are deposited 
sequentially on the film 26. Typically the Interlayer insulating film 24 and the insulating film 28 are 
fonned of a film of BPSO, or Si02 that is deposited by high-density plasma CVD. On the other 
hand, die eiehmg stopper layer 27 Is fonned of an SiN film, typically fomwd to a thiekness of 

(0015) 

. P'S 2(B), contact holes 26A 
u^^'«^° i'"" Pho»«*osniphy that employs a resist, penetrating the films 24 - 28 so as to expose 
■ \ **^'i^«'*^«'«"'2'AMd2lC. Additionally in die proce«^^ 

wi* conducting polysilicon. and the polysilicon film that remains above the 
■y-^': '-^ insulating layer 28 is selectively removed. Urns conducting plugs 27A and 27B are obtained that 

fill the contact holes 26A and 26B. 
(0016) 

Also, in the processes in Fig 2(D) the structure of Fig 2(C) is wet etched in a solution of HF or 
buffered HF, removing die insulating film 28 selectively with respect to the etching stopper layer 
27, and as a result the conductmg plugs 27A. 27B protrude upward from the etching stopper layer 
^7. Next, in the processes in Fig 3(E). a conducting amorphous or polysilicon film 29 is uniformly 
deposited on die snucture of Fig 2(D). Additionally anisotropic etching is performed on the 
poiysilicon film 29 obtained in Fig 3(E), acting in a direction substantially parallel to die principle 
surface of the substrate 21. using for example an ECR etching device in a gaseous mixture of CI2 
ana In this case, anisotropic etching is performed until the etching stopper layer 27 U exDOSed 
and as a result, as shown in Fig 3(F). die capacitor electrode panems 29A and 29B are fonned from 
the conducting film 29. 
(0017) 

In the anisotropic etching process of Fig 3(F) vertical anisoiropism governs. However, It is also 
possible to pei*mi quasi-anisotropic etching that also etches in the horizontal direction. This is 
also the same for embodiments that are described below. Also, in the embodiment, a thermally 
oxidiwd film is formed on the capacitor electrode patterns 29A and 29B of Fig 3(F). and an SiN 
film j,0 IS deposited thereon. Then, after the surface of die SiN film 30 is thermally oxidized a 
polysilicon film 3 1 is uniformly deposited so as to cover die electrode panems •'9A ''9B as a 
counter electrode. In die constniction. the dielectric film 30, in conjunction with die Aennally 

oo'ft k!!1 r l""^ ' stracturc, and die electrode patterns 29A. 

Wiin storage electrodes of DM 

'' Ih^nu.?^' "l'''*"^' P"""?' -"^ ^""^"^ ">''^<'<i- a« f«med using neither 

pnotollihosraphy, nor a masking process. Therefore, the interval between the patterns can be 
reduced with no limitation from die resolution of an exposure sysiem. Also, with the embodiment 
me only exposure that requires high resolution is the photolithography process for fomiing the 
contact holes 26A. 26fl. Also the exposure used for the storage electrode patterns 29A 29B docs 
i'mproved'"''*'""^ P«>cess. Therefore semiconductor device manufecturing throughput is greatly 
(0019) 

In the abovementioned description the conducting pillars HA. I3B. or the deposited conducting 
riim 13, IS given as being comprised of amorphous silicon or polysilicon that from the beginning 
nas been doped with conducting impurities. However, the invention is not limited to the particular 
embodiment, and it is also possible to deposit undoped amorphous silicon Of polysilicon and 
subsequently introduce impurities to provide conductivity. This Is also true for the other 
embodiments that are described below. 
Embodiment 2 
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Fig 4 shows the coAStraction of a DRAM memory cell according to embodiment two of the 
invention. The same reference symbols have been attached for previously described sections and 

their description is omitted. 
(0020) 

Referring to Fig 4, in the embodiment a rough surftce stnicture 290 is formed on the surface of the 
storage electrode patterns 29A, 29B using substantially hemispherical polysilicon grains (HSG: 
hemispherical grained polysilicon), and the capacitor dielectric film 30 is formed so as to cover the 
roughened surface structure 290. Forming the roughened surfece 290» increases the surface areas of 
the storage electrode patterns 29A. 29B, and as a result the capacitance of the memory ceU 
capacitors Increases, 
(0021) 

The hemispherical polysilicon grains do not generally have a geometrically perfect hemispherical 
shape; they are deformed, having lircgular forms such as a mushroom shape with a constricted base 

polysilicon grains. To form such a roughened surfece" structure 290, for example the storage 
, . . electrode pattern is fomed in an amorphous silicon state, and then on it is formed a polysilicon film 

example, the raw ingredient SiH4, depositing at a temperature of substantially 570X. 
"^1^ Depositing a polysilicon film on an amorphous silicon film causes heterogeneous nucleaiion on the 
surface of the amorphous silicon. As a result, hemispherical polysilicon grains grovy 
hcicrogeneously on the storage electrode patterns 29A, 29B. The formation of such rough surfaces 
is described in for example. "Growth Mechanism of Polycrystalline Si Films with Hemispherical 
Crams^ Oro Buturi' Vol. 61, No. 1 1 , 1992, TaisumI Et Al. 
Embodiments 

Ne.xt a rnethod of manufacturing DRAM memory cells according 10 embodiment 3 of the Invention 
will be described referring to Figs 5(A) - (C) and Figs 6(D) - (F), However, of the items in Figs 
k I ^ sections that con^cspond 10 those mentioned above have the same 

symbols attached, and their descriptions are omitted. Funhermore, in this embodiment, of the 
previously described consiruciion, only the section that includes the diffused region 21C and the 
conducting plug 27B will be described. 
(0022) 

Referring to Fig 5(A). the Interiayer insulating film 26 of the embodiment also includes the 
previously described insulating film 24, and a polysilicon conductins film 27A is formed between 
the etching stopper layer 27 and the insulating film 28. It follows thi in the embodiment the 
contact hole 268 extends, penetrating through the layers 26, 27. 27A. and 28, and the conducting 
(00^3) contact hole 26B that penetrates the layers 26, 27. 27A, and 28. 

Next, in ihe processes in 3(B). in the same manner as in the process in Fig 2(D) above the 
msulating film 28 is removed by etching selectively with respect to the conducting f\lm 27A 
AddfUonally. an Si02 film 32 is CVO deposited on the conducting layer 27A so as to cover the 
conducting plug 27B that protrudes from the film 27A. Next, in the processes in F)g 5(C), a dry 
^^f^;^^ ^'"^^^^^ Wlied to the Si02 film 32, acting substantially perpendicularly 10 the substrate 
2U By performing the dry etching process until the conducting film 27A is exposed, the Si02 film 
^2 only remains on the side wall surface of the pillar 27B in the form of a sleeve 32A 

Also, In ihe process in Fig 6(D). a conducting film 33 of polysilicon or amorphous silicon is CVD 
deposHWl on the consnruciion of Fig 5-(C). In the process in Fig 6(E) anisotropic etching is 
performed on the conducting nim 33. acting substantial])' perpendicularly to the principle surface 
Offhe substrate 21, until the etching stopper layer 27 is exposed, the conducting film 33 remaining 
(00->5) * *=°"<1"'=""S JJA. only on the outer surface of the insulating sleeve 32A. 

Next in the processes in Fig 6(F). the construction of Fig 6(E) is immersed in an HF solution. 
di$$olvms and removmg the insulating sleeve 32 A. As the result of removing the insulating sleeve 



The web site spells it like this. It means Applied Physics. Here is a synopsis of the article 
http://wwwjsap.or.jp/ap/l992/ob6l I |/p6l 1 147.html#e 
Maybe mistake for 6? 
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j2a, a space is formed between (he conducting pillar 27B and the conductln- sleeve 33A. However 
m the embodiment, a capacitor dielectric film 30 is forrned on the exposed surfeces of the 
conducTins pillar 27B and the conducting sleeve 30\ The conducting pillar 27fl and the conduciin- 
mmVA ^ *'*'^'''^'^ connected by the conducting film that constituted part of the conducting 
(0026) 

Also, in the processes in Fig 6(F) a polysilicon or amoiphous silicon condwtiag film is deposited 
as a counter electrode 3 1 en the capacitor dielectric film 30 so as to fill die space. A memory cell 
capacitor of the same construcdon is also fonned for the diffused region 2 1 A. In the embodiment. It 
w possftfe to mcrease the surface area of the memory cell capacitor, and therefore the capacitance, 
without using a maskmg process. 
Embodiment 4 

Fig 7 shows part of a DRAM memory cell according to embodiment 4 of the Invention. As in the 

- f ^'"''"'"'".^''^ on'y "•'ows the construction of die memory cell capacitor that is connected 

«Sion 2 IC. Also, sections that con^pondto previously described sections have the " 
same symbols attached, and their descriptions are omitted 

Rsfc'rins '0 Fig 7. in the embodiment, another conducting sleeve 3«A is formed, outside of the 
conducting sleeve 33A and spaced separated from the sleeve 33 A. The capacitor dielectric film 30 
« forrned not only on the exposed surfaces of the conducting pillar 27B and the conducting sleeve 
jM. but also on the expoied surfaces of the conducting sleeve 36A. However, the conducting 
Sleeve j6A is elecn-ically connected to the conducting sleeve 33A and dtc conducting pillar 27B by 
the polysilicon or amorphous silicon conducting film that is on the etching stopper layer 27 Also 
33A and 36A ^ ' ^ 'P*" conducting sleeves' 

(0028) 

In the embodiment it is possible to increase the number of conducting sleeves that compose the 
memor>- ce I capacitor, and as a result it is possible to increase the surface area of the capacitor 
dielectric film, and therefore the capacitance. Next, referring to Figs 8(A), (B) andm (D) the 
method of manufiicturing the capacitor structure in Fig 7 will be described. However. 4:tioils in 
the diasrams that have been previously described have die same symbols anached, and their 
descriptions are omitted. 
(0029) 

Referring to Fig 8(A), a polysilicon or amorphous silicon conducdng film 34 and an SI02 
imi "^f.**"!!""*^ ^" """^^ structure in Fig 6(E). Next, in the process in Fig 

8(B) anisotropic etching is performed on the insulating film 33, acting substantially in a directi^ 
pcipendicular to the principle surface of the substrate 2 1 . until the conducting film 34 is exposed 
cV!!", anisotropic etching, an insulating sleeve 35A is formed from the insulating film 
35 so as to surround the conducting film 34 from the outside 
(0030) 

J J^t-'" Jf " P''0«sses in Fig 9iC) another polysilicon or amorphous silicon conducting film 36 is 

actiJt .1'" 'l^i u P™"" '^^^ ^'"'^OP'^ is performed, 

acting substantially perpendicularly to the principle surface of the substrate 2 1 . on the conduciin- 
aycr j6 and the conducting film 34 that is below it. until the etching stopper layer 27 is exposed" 
Trt,i^IT^ 'he structure in Fig 9(D). In the structure in Fig 9(D) as a result of the anisotropic 
etching, the conducting film 34 is held, sandwiched between die insulating sleeve 35A and the 
IZa!T" i^^"" 11^' " conducting sleeve 34A. and the conducting film 36 foims a 

conducting sleeve 36A. which is the section diat is most external 
(0031) 

The strucnire in Fig 9(0) is again immersed in an HF solution, etching to selectively remove the 
insulating sleeves 32A, 35A. A dielectric film 30 is deposited on the resultant structure, and 
shown°?„ Fy?""'"*' ^ ' deposited, thus obtaining a capacitor having the structure 

Embodiment 5 



'Mistake for 33A? 
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\^ mofi DRAM memory cell according to embodiment 5 of the invention As in rhe 
pi*vio« embodiment, only shows the memory cell capacitor that is connected to the diffiJsJd 

7 ^'^i coirejpond to previously described sections have the same symbols 

anached, and iheir descripdons are omitted. symoois 
(0032) 

A^^^t Ifrl!' ' '"'^'"y «" «> *e embodiment has the same structure as 

tfie structure of the memory cell capacitor sho^vn in Fig 7. except that the conducting pillar 27B is a 

ef T ^^""^'f *^ «='P«ito' <J''e'«f ic film 30 is formed so as to co?e? nobody Se 

orS^hi.^^?^'-''"^-"" ^'^^^ «*P"=''o^ film 30 increase,, the 

(00^) "'"^ "icreased capacitance is obtained. 

Figs 11(A) -CC) and 12 (D) -(F) show the method of forming the structure shown in Fie 10 

S22f7e^?h"r "",T'",\'-.^' • KA) shows, in the embodiment, in'^the contact ' 
. . , 1^ pcneuates the layers 26 - 28, instead of the conducting pillar of .he process in Fi" 

fi^' ' sleeve 27B is deposited on the surfece of the inner wall of the contShole 2V 

f^.^"' P'«>*=«« J" Fig 1 1 (B). after the insulating film 28 it removed by 

(0034) 

Also, in the process in Fig 1 1(C) anisotropic etching is performed on the Si02 actins in a direction 

sleev^T^ffllL w^ST"^ mT^'^^'^'^T'' ' '^^^ '"e conducting 
Sleeve 278 is filled with an Si02 plug 32C and its outside is covered with an Si02 insulating slee^ 

(003S) 

Sil^*^ Po'ysi'icon or amorphous silicon eonduaing fllm 33 is 
deposited on the structure sho«-n in Fig 1 KQ. Additionallv, in the process in Fis Vnlsorroni. 

iSing Se S ^ ^' * ""'^""•"S sl«ve 33A is formed on the outside of the 
(0036) 

'!!°'^'' '? '-^^^ immersed in an HF solution, dissolving and removing the Si02 
anIfSr sleeve 32A. Additionally a capacitor dielectric film 30 is d poSed 

;?F?t tr^lVoT™^^^^^^ deposited on it. thus obtaining the structure shLn in Fig 
m ; -M^^ ^^L'^ '^P^' 'he processes sho«n in Figs 8(A). (8), Figs 9(C) 

(0) It IS possible to arbitrarily increased the number of conducting sleeves that sunjund The 
(OW??"' '"^ together v^ith the conducting sleeve 27B fom 1 sZre;ecm)de. 

In embodiment 3 and subsequent embodiments, the conducting film 27A becomes an etching 
stopper for the insulating film 28. Therefor, the SiN etching sfopp?rTayer1;rno. necessa^ 

(0038) 

fl'jy 'i!*^*' " description of a preferred embodiment, the invention is not limited by the 
(0039) 



Seem to have oraiitcd the B 
Seem 10 have omicied the B 
Must be a typo for Fig. 
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(Benefits of the Invtntion) 

In (he inventton of claims 1 ^ 4 and 9, 10. and 13 a method of manufacturins a semiconductor 
aevicc compnsing with a.capacitor, is perfonned, comprising the processes of 

(A) formins an insulating film on a substrate; 

(B) ftming a conducting pillar so thai it protnides upwardly from the insulating film- 

iS fo^S^'""^ ' ■ ^O"'?'"'*'^ ^'"^ *« insulating film, so that it coven the conducting pillar 
ShS"!? " T"**' t ^ ^PP'y^S anisotropic etching to the first conducting filnj the 

,^i!'''"S8cimg substantially peniendicularly to the principle surface of ^ 
(EJ depositing a dielectric film on the capacitor electrode; and 
(F) depositing a second conducting film on the dielectric film, to form a capacitor 
Therefore, it is possible to self aUgningly form a large number of capacitors without using a 
tt^pyil!i''« «soluiion limitations that accompany the masking process, and 
t^^JX " T™"" ""ri'- ^""'^'^y « PO'siWe to suppress to a mimmu^i the reduction 
- - - - ''*"P~«"?»rf«e'«a.todtherefore^«^ 

Decause the invention does not use a masking process, it is possible to greatly improve throughput 
•n the nanuftcture of semlconductOR. 'j- j e a-v"- 

(0040) 

i" ScV""'"""" ""'T" f a process is performed for forming hemispherical 

poiysilicon grains on the electrode pattern, and the process in (E) is executed so that the dielectric 
film covers the hemispherical polygon grains. 

Thcrtfore it is possible to increase the surface area and the capacitance of the formed capacitor. 

In the invention of claim 6, 14. and 1 5, a method of raanufecturing a semiconductor provided with 
a capacitor, is perfonned, comprising the processes of - 
forming an Interlayer insulating film on a substrate; 
forming a first conducting film on the interlayer insulating film- 

penetrating the conducting film and the interlayer insulating film and forming ft conducting pillar 

SO that the pillar protrudes upward from the surface of the first conducting film- 

depositing a first insulating film on the conducting pillar following the shape of the conducting 

ro2 rfrfr?" !"f "'"i.*?* ^."^ * '"'"'■'"■"S fi''" by applying a first anisotropic etching 
If !k! f.Tir' ""I ^'^"""^ """S substantially perpendicularly to the principle sur&ce 

Of the substrate until the top surfece of the pillar and the first conducting film are exposed- 
atter me firsi anisotropic etching process, depositing a second conducting film on the first' 
condiiciing film, so as to cover the first insulating sleeve and the top surftce of the pillar- 
forming a first conducUng sleeve on the outside of the first insulating sleeve by applyine a second 
anisotropic etching to the second conducting film, the etching acting substantially perpendicularly 
electivreShin".' t"r *"^^™'^""'« *"rface of the Interlayer insulating fil^ is expos4 
seiectiveiv etching the first insulating sleeve so as to remove li, leaving the pillar and the first 

. 'J™'"8*'e«ve so that the first conducting sleeve surrounds the pillar, separa^^^ 

JJ5°"""^ ' dielectric film on the surface of the pillar and the surface of the fi«a conducting sleeve: 

TheJlfor* iH^'lir^Kf ^'"^ » electrode film, on the dielectric film. 

ll?r^.V fu !• *'»^<'"V"""S '""''ins process, toself-aligningly construct the storage 

^1 conducting p.Uar and a large number of conducting sleeves that surround the 
rh??»nL-r P'^'^Vreatly increasing the surface area of the capacitor dielectric film, and therefore 
tne capacitance of the capacitor. 
(0042) 

In the invention of claims 7 and 12. the pillar is made to be a hollow sleeve 
Therefore it is possible to further increase the capacitance of the capacitor 
In the invention of claim 8, 

after the second anisotropic etching process, and prior to the selective etching process 

tV/r„'?.,ll ^'■"r^"*' * insulating film are sequentially deposited on the surface of 

f?«, ?n!I^ii;" '"f u " '° '•'^'"^^ P"'"' ^ conducting sleeve and the 

first insulating sleeve, which surround the pillar; ^ B«n««ie 



PAGE 23l3rRCVDAT7l13i20l)44:27:55PM [Eastern DayOgtitrime]'SVR:USPTO{^^^^ 



JUL-13-20B4 13:52 



UB-LS ST JON PS 



5098383424 P. 



a second msulaung sleeve is fomed from the second insulating film by means of applying a third 
anisoffopic etching to the second insulating film, the etching aaing substanrially pcrpendkukrly to 
the pnnciple surface of the substroie, until the founh conducting film is exposed- 
a fifth conducting film is deposited on the fourth conducting film so as to include the second 
insulanng sleeve, fourth conducting film, and the pillar; 

an anisotropic etching process is sequentially applied to the fifth and fourth conducting films, the 
etehing acting substajitially pcipendlculariy to the principle surfece of the substrate until the surface 
of the mterlayer insulahng film is exposed, forming from the fourth conductive fite,. a second 
conducting sleeve that is attached to die fint conducting sleeve, forming from the second insulatin- 
mm. a second msulaong sleeve that surrounds the second conducting sleeve, and fomlng from the° 
ntth conduciing film, a third conducting sleeve that surrounds the second insulatin- sleeve 
and additionally in the selective etching process the second insulating sleeve is removed at' 
substantially the same time as the first insulating sleeve. 

Therefore it is possible to freely increase the number of conducting sleeves that surround the 
conducting pilfar.self-alighihW. and wi^^^ " - - 

In the invention according to claim 16 a semiconductor device is consttwted of 
a semiconductor substrate; 

a word line electrode formed separated from the surface of the semiconductor substrate, by a eate 
oxide film that corresponds to a channel region; 

a first diffused region formed in the semiconductor substrate, corresponding to one end of the 
channel region; 

a second diffused region formed in the semiconductor substrate, corresponding to the other end of 
the channel region; 

an interlav-er insulating film formed on the semiconductor substrate, that covets the gate electrode 
and the first and second diffused regions; o4i«r cieciroae, 

a first contact hole formed in the Interlayer insulating film, that exposes ihe first diflfiised region- 
a second contact hole formed in the interlayer insulating film, that exposes the second diffused ' 
region; vii^-aou 

a rnemor> cell capacitor that contacts the first diffused region via the first contact hole; and 
a bit line electrode that contacts the second diffiised region via the second contact hole- 
wherein the semiconductor device is one wherein the memory cell capacitor comprises' 
a conducting pillar that extends through the first contact hole, one end contacting the first difBised 
region and the other end forming a protruding portion that protnides above the Interlayer insulating 

a storage electrode formed on the interlayer insulating film, closely contacting the protruding 
portion or the pillar; « r « 

a capaciior dielectric film formed so as lo cover the storage electrode; and 
a counter elecirode formed on ihe capaciior dielectric film. 

Therefore, it is possible to self-aiigningly form DRAM memory cells in which ihere is little 
TmShiVpro^^^^^^^ """"^^'^ capacitors, even when miniaturized, without using 

Descriprion of the Drawings 



(Simple Description ofthe Drawings) 

Fig I (A) - (C): Diagrams that describe the principle ofthe inveniion. 

Fjg2 (A) - (D): Pan one of diasrams that describe the manufacturing process for a semiconductor 
device accordmg to embodiment 1 ofthe invention. 

F»5 3 (E) - (C); Part two of diagrams that describe the manufacturing process for a semiconductor 
device according to embodiment J ofthe invention. ^etniconaucwr 
Fig 4: A diagram that describes rhe construction of a semiconductor device accordina lo 
embodiment 2 of the invention. 

^'S 5 (A) - (C): Pan one of diagrams that describe the martufacturing process for a semiconductor 
device according to embodiment 3 ofthe invention. 

iliti^lrJ'l-' '"'l ^/^'^S^"^^ ^«<="be the manufacturing process for a semiconductor 
device according to cmbodimeni 3 ofthe Invention. 



PAGE 24/3rRCVDAT7/13/20044:27:S5PM [Eastern Daylight r^^^ 



JUL-13-2004 13:52 WELLS ST JOHN PS 



5098383424 P. 25 



Fig 7: A diagram Uiai describe the construction of a semiconductor device accordine to 
embodimwii 4 of the invention. ^ 

Svi!i^«iS^^^^ ''"^'^^5 ^n^fe^ring process for a semiconductor 

aevice according to embodiment 4 of the invention. 

^dln^"^ manufacturing process for a semiconductor 

aevice according to embodmient 4 of the invention. 

Fig 12 (D) - (F): Pan two of diasrams lhat describe the manufacnirins process for a semicoBdueto. 
device according to embodiment S of the invention. P " ess lor a semiconductor 

femkoiJi;torie^« ""^^tiwal n-anufecturing pn^ess for a 
felcoScSliSirce^^ 

Sf con °K S ^'S"' ' ''p''''''' « ^"""^i 

(Description of the Symbol) 

1, 11,21: Substrates 

I A. IB. IC 11 A, 1 IB. 21A,21B,21C: Diffused regions 

2, 22: Gaie oxide films 
2A. 22A: Field oxide films 

3, 25: Gare electrodes (word lines) 
3A, 23A: Insulating films 

4, 6, 24, 26: Imerlayer insulating films 
3. 25: Bit lines 

6A, I2A. 12B. 26A, 268: Contact holes 

7, 13, 29 Conducting layers 

7A, 13A. 133. 29A, 29B: Storage electrode patterns 

8. 14, 30: Dielectric films 

10. 15, 31: Counter electrodes 

i2A, 12B, 27A, 27B: Conducting piUars 

12c, 27: Eiching stoppers 

2S: Insulating film 

290: Rough surface construction 

32. 35: Insulating films 
32A, 35A: Insulating sleeves 
32C: Insulating plug 

33. 34, 26: Conducting films 

33A. 34A, 36A: Conducting sleeves 
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